Corn with naturally occurring aflatoxin (AF), wheat with naturally occurring doxynivalenol (DON), and barley with naturally occurring zearalenone (ZEA) were used to make rations for feeding turkey hen poults to 6 weeks of age. Control rations with equal amounts of corn, wheat, and barley were also fed. The control rations did contain some DON while both sets of rations contained ZEA. Within each grain source, there were 4 treatments: the control ration plus 3 rations each with a different feed additive which were evaluated for the potential to lessen potential mycotoxin effects on bird performance and physiology. The additives were Biomin BioFix (2 lb/ton), Kemin Kallsil (4 lb/ton), and Nutriad UNIKE (3 lb/ton). The mycotoxin rations reduced poult body weight (2.31 vs. 2.08 ± 0.02 kg) and increased (worsened) poult feed conversion (1.47 vs. 1.51 ± 0.01) at 6 wk. Feeding the poults the mycotoxin feed also resulted in organ and physiological changes typical of feeding dietary aflatoxin although a combined effect of AF, DON, and ZEA which cannot be dismissed. The feed additives resulted in improved feed conversion to 6 wk in both grain treatment groups. The observed physiological effect of feeding the additives was to reduce relative gizzard weight for both groups and to lessen the increase in relative kidney weight for the birds fed the mycotoxin feed. In conclusion, the feed additives used in this study did alleviate the effect of dietary mycotoxins to some degree, especially with respect to feed conversion. Further studies of longer duration are warranted.
INTRODUCTION
In many research reports, mycotoxins used for feeding studies were manufactured and then added to the diets singularly or as simple factorial designs. However, purified or manufactured mycotoxins have been reported to be less toxic than naturally occurring mycotoxins (Awad et al., 2012) . The feeding of low dietary levels of naturally occurring mycotoxins to livestock is a very relevant and current issue faced by the poultry industry (CAST, 2003; Awad et al., 2012) . In addition, in field occurrences, there may be multiple mycotoxins in the different sources of grain. Some of these mycotoxins may be unknown. While some monitoring and screening of feed ingredients may keep some of the highest levels of mycotoxins out of the feed manufacturing process, many tons of feed are made and fed to livestock each year that contain multiple mycotoxins at low but varying levels. Chronic low levels of dietary mycotoxins can reduce animal performance.
Dietary sequestering agents are compounds of various sources added to the diet which are designed to bind with mycotoxins to reduce or prevent their toxic effects on livestock. Feed flow agents reduce ingredient caking and improve the flowability in the manufacturing and delivery systems. Pellet binders work to improve pellet durability. Some of these feed flow agents and pellet binders may also have mycotoxin sequestering effects. Dietary sequestering, anti-caking agents, or pellet binders include activated carbons, bentonites, yeast cell wall derived oligomannans and are examples of agents which might bind mycotoxins in the gastrointestinal tract thereby preventing the absorption of these mycotoxins. All of these feed additives are considered generally recognized as safe (GRAS) by the US Food and Drug Administration (FDA). The objective of this study was to determine the effectiveness of feed additives as potential mycotoxin "binders" in turkey poult diets containing low to moderate levels of naturally occurring mycotoxins: aflatoxin (AF), deoxynivalenol (DON), and zearalenone (ZEA).
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MATERIALS AND METHODS
Naturally occurring mycotoxin containing grains were used in this study: corn with AF, wheat with DON, and barley with ZEA. Relatively clean corn, wheat, and barley were used as the control grains. The target levels of mycotoxins in the feed were for AF to be approximately 150 ppb and DON 2.0 ppm. These levels were targeted to potentially affect bird performance and physiology but not to be fatal. Samples of the grains, and resulting treatment feeds, were sent to the North Dakota State Veterinary Laboratory for analysis of the following mycotoxins: aflatoxin, deoxynivalenol, diacetoxyscirpenol (DAS), zearalenone, fumonisins, ochratoxin, and T-2 toxin (trichothecenes). Eight feed treatments were formulated for both turkey starter 1 and 2 (Table 1) to be fed to hen poults to 6 weeks of age. The treatments were as follows: 1) Control, no mycotoxins and no feed agents; 2) control feed plus Biomin BioFix (2 lb/ton; Biomin America, Inc., San Antonio, TX 78,213); 3) control feed plus Kemin Kallsil (4 lb/ton; Kemin Industries, Inc, Des Moines, IA 50,317); 4) control feed plus Nutriad UNIKE (3 lb/ton; Nutriad International, Dendermonde, Belgium); 5) mycotoxin feed; 6) mycotoxin feed plus Biomin BioFix (2 lb/ton); 7) mycotoxin feed plus Kemin Kallsil (4 lb/ton); 8) mycotoxin feed plus Nutriad UNIKE (3 lb/ton). Given that poultry companies will not always know the mycotoxin level in feed or feed ingredients and that each company will use these additives at some predetermined rate, each feed additive was added at the manufacturer's recommended rate. Basal rations containing all feed ingredients except for the three grains and added fat were mixed and then split as needed. Once the appropriate grains were added, the two main groups of feed were split into 4 sub-groups and then the binding agents and fat were added. Sand was used to equalize differences in weight of additives. Samples of the basal treatment feeds were sent to the North Carolina Department of Agriculture and Consumer Services for nutrient analysis. All birds were handled with methods approved by the NC State University Animal Care and Use Committee. Female poults (Hybrid Converter, Hybrid Turkeys Kitchener, Ontario, Canada) were placed into 48 litter floor pens in a curtained sided house. The 48 pens are arranged in 4 rows of 12 pens with two rows on each end of the building with a common feed room in the center of the building. There were 30 poults placed per pen. Each pen was approximately 8.9 m 2 . Poults were brooded in cardboard rings for the first week. The 8 treatments were randomized across the 48 pens (6 replicate pens per treatment) with at least 1 but no more than 2 replicates of each treatment in each row. Birds were weighed at placement as a group and then individually at 3 and 6 weeks of age. Feed consumption, by pen, was determined at each weigh day. Mortality (with body weight) was noted as it occurred. Feed conversion (FC), period and cumulative, was calculated on a pen basis with the weight of mortalities included.
At 6 weeks of age, 2 birds per pen were euthanized with the following organs weighed: heart, spleen, gizzard, liver, kidney, pancreas, thymus, and bursa of Fabricious. Gizzards were examined for signs of erosion. Liver and kidney samples were fixed in 10% formalin, paraffin embedded, and 5 μM thick sections were stained with Hematoxylin and Eosin stain (H & E). The histological changes were read in blinded fashion and were given scores of 0 (no significant changes) to 3 (most severe changes). Blood was collected and assayed for total serum albumin, serum creatinine (sign of kidney damage), serum aspartate aminotransferase (AST, a sign of organ damage), malondialdehyde (a tissue peroxide indicator), 25-hydroxy vitamin D, and 1,25-dihydroxy vitamin D.
One bird per pen was selected for vaccination with a commercial killed Newcastle disease virus (NDV) vaccine (Lohmann Animal Health) and identified by neck tag (total 6 poults/treatment). On 7, 14, and 21 days of age, serum was collected from vaccinated poults and levels of maternal antibodies analyzed to ensure vaccine was administered without interference by maternal antibodies. At 21 days of age one bird/pen was vaccinated subcutaneous (sc) against NDV (0.1 mL/bird). On day 7, an additional bird in each pen was vaccinated intravenous (iv) with 7% sheep red blood cells (SRBC) followed by a second SRBC challenge on day 28 as previously described (Qiu et al., 2012) . Serum was collected from SRBC vaccinated animals on days 35 and 42 (14 and 21 days post vaccination) for titer determination.
Antibodies against NDV were assessed by ELISA (NDV Antibody Test Kit, IDEXX Laboratories). Antibodies against SRBC were assessed using hemmaggluination assay as previously described (Cheema et al., 2003) .
Statistical Analysis
The pen was considered the experimental unit. All data were analyzed using the GLM procedure of SAS as a 2 × 4 factorial experimental design (2 grain sources; control versus mycotoxin; and 4 feed additives). Where there was a treatment effect observed, treatment means were separated using the least significant difference procedure with P ≤ 0.05 unless otherwise stated (SAS Institute, 2008, Cary, NC) .
RESULTS AND DISCUSSION
Based on the grain (Table 2 ) and feed (Table 3) analyses, the feed mycotoxin level objectives were partially met. The control feeds had no detectable AF while the mycotoxin feeds had 200 to 300 ppb. The reason for the range of the AF levels is unclear. All of the treatment feeds were drawn from the same lot after the grains and basal diet had been thoroughly mixed. Dietary AF levels may be highly variable even within feed that is considered to be properly mixed. In addition, it has been demonstrated that some mycotoxins can form conjugates with glucose during feed manufacturing and may fail detection (Schneweis et al., 2002; Berthiller et al., 2005) . Fatal levels of dietary AF for turkey poults have been reported to be approximately 400 ppb. Therefore the levels obtained in these feeds were as high as one could be expected without causing high mortality.
The level of DON was approximately 1 ppm in the control feeds and 2 ppm in the mycotoxin feeds. The goal was to have none detected in the control feed and 2 to 2.5 ppm in the mycotoxin feed. The control feed was "contaminated" mainly by the inclusion of the North Carolina State University (NCSU) barley and some by the NCSU corn. The inclusion by the NCSU corn was unavoidable since that was the main source of corn for the study. The NCSU barley was initially tested at 0.6 ppm. Once the control feed samples were found to have higher than expected DON, the NCSU barley was retested to have 11.5 ppm. This illustrates the difficulties in utilizing naturally contaminated grains (Davis et al., 1980) . Also, the use of contaminated control feeds in feeding studies such as this one is not without precedent. There are other reports where diets contained various levels of DON in both the control and treatment feeds when using naturally contaminated grains. In spite of this, inferences about mycotoxin effects on the test animals were possible (Chowdhury et al., 2005; Girish et al., 2008) . The ZEA levels were similar in the control and mycotoxin feeds. While ZEA has little effect on commercial poultry by itself at these levels, the objective here was to observe a possible combined effect. While it may have been better to have no ZEA in the control feeds, it was at least possible to have a combined effect with aflatoxin and higher levels of DON in the test diet compared to the control feed.
There was a clear and persistent effect of the mycotoxin feed on turkey hen performance (Table 4) . Body weight was reduced at both three (657 vs. 590 ± 5.3 g) and six (2.31 vs. 2.08 ± 0.02 kg) weeks of age when birds consumed mycotoxin feed compared to control feed. Feed per bird was significantly reduced beginning at the second week and persisted through six weeks of age. Cumulative feed per bird was reduced 8.3% (3.386 vs. 3.106 + 0.026 kg/bird) when birds were fed mycotoxin feed compared to control feed. There was a trend (P = 0.1) of an effect of mycotoxin feed on feed conversion for 0 to 3 and 3 to 6 weeks of age. However, 0 to 6 wk cumulative feed conversion was significantly increased by 4 points (1.47 vs. 1.51 ± 0.01) for birds fed the mycotoxin feeds.
The difference in BW for birds fed the feed additives to be heavier when fed the control feed versus those fed feed additives and mycotoxin feed approached significance (P = 0.1, Table 4 ). There were some significant interaction differences for type of feed and feed additives in weekly feed consumption during weeks 3, 5, and 1 to 6. The pattern was the same during each period. For birds fed the control feed, feed intake was increased by the additive whereas for birds fed the mycotoxin feed, feed intake was reduced. It is possible that the action between the feed additive and the mycotoxins resulted in this eating behavior. Therefore, even though the birds fed the high mycotoxin feed with the additives did not have similar BW to the birds fed the control feed, they did experience an improvement in feed utilization by some mechanism.
The organ weights and relative organ weights for the 6 week old turkey hens are presented in Table 5 . The BW listed in Table 5 are those only for birds sampled for organ weights. However, the pattern is similar to that observed for the entire group. Comparing control birds to birds fed the mycotoxin feed: liver weight, relative liver weight, and heart weight were reduced; while liver lipid (%), liver histopathology scores, spleen weight, relative spleen weight, gizzard weight, relative gizzard weight, pancreas weight, relative pancreas weight, kidney weight, relative kidney weight, and kidney histopathology scores were increased. There was no difference in relative heart weight or bursa weight (3.23 ± 0.11 g) or relative bursa weight (0.144 ± 0.005 g/100 g; data not shown for bursa).
The histologic changes in the liver and kidney tissue samples (Table 5) were scored 0 (no significant changes) to 3 (most severe changes). The liver and kidney samples from the birds fed the mycotoxin feed had significantly higher scores than those samples from birds fed the control feed. The scores were based on the following observations. In the liver, samples were observed with varied degrees of histologic changes suggestive of toxicity. The hepatic parenchyma had focal to diffuse degenerative changes. Degenerated hepatic cords had small to large fatty vacuoles. Occasionally, individual hepatocytes or small group of hepatocytes were necrotic. Bile duct hyperplasia was commonly observed. In some samples, sinusoidal congestion with dilatation/congestion of few central veins was observed. Regeneration of hepatocytes was also evident. In the kidney samples, the common changes were acute necrosis of tubular epithelium, or swollen, degenerated tubular lining, small to large interstitial hemorrhages, occasional hyperplasia of tubular epithelium, eosinophilic casts, glomerular proliferation with increased ground material, and, at times, regeneration of tubular epithelium. Birds fed the feed additives had reduced relative gizzard weight (Table 5) . While the overall feed mycotoxin effect was to increase kidney weight, the birds feed the mycotoxin feed and the feed additives had reduced kidney weight compare those fed the mycotoxin feed alone. This effect was not observed for those fed the control feed (Table 5) .
Malondialdehyde (MDA), creatinine (CK), serum albumin (Alb), aspartate aminotransferase, 25-hydroxy vitamin D (25D), 1,25-dihydroxy vitamin D (1,25D), and titers to SRBC and NDV at 14 and 21 days post vaccination for the turkey hens are presented in Table 6 . Serum Alb, 1,25D, and SRBC titers at 14 days post vaccination (dpv) were reduced in birds fed mycotoxin feed compared to birds fed control feed. The effect of reduced titers to SRBC at 21 dpv due to mycotoxin feed approached significance (P = 0.06). Serum AST was increased in birds fed mycotoxin feed compared to birds fed control feed. There was no effect of feed additive on any of these parameters. There were no differences in serum MDA, CK, or for NDV titers at either 14 or 21 dpv due to mycotoxin feed or feed additive.
The results observed in this study are consistent with those observed in other studies utilizing turkeys especially those in which similar levels of dietary aflatoxin were fed. Rauber et al. (2007) fed 0, 20, 50, 100, 200 , 500, or 1,000 ppb cultured, dietary AF to male poults to 42 d. Mortality increased as dietary AF increased with a 42 d mortality of 37% for the 1,000 ppb group. Feed intake and BW were decreased at 42 d for those birds fed 200, 500, or 1,000 ppb AF. Relative gizzard weight was increased in the groups fed the 3 highest AF levels. Relative liver weight was decreased for birds fed 50 ppb AF but was increased for birds fed 500 or 1,000 ppb AF. Serum total protein was decreased at 21 d while serum cholesterol was increased at 42 d as dietary AF increased. Giambrone et al. (1985a) fed purified aflatoxin B 1 (AFB1) or AFB1 plus AFB2 administered in capsules daily for 5 wk to 2 wk old turkey poults. In two experiments, the levels were equivalent to 0, 200, 500, or 1,000 ppb of AFB1 (Exp 1) or 0 to 200 ppb (AFB1 or AFB1 plus AFB2 in Exp 2) on a dietary basis. The 500 and 1,000 ppb dietary equivalents were toxic to the poults. The 200 ppb dietary equivalent did not affect weight gain but did cause decreased feed efficiency and reduced cell mediated immunity. No effects on humoral immunity nor response to NDV or fowl cholera vaccination were observed. Giambrone et al. (1985b) fed crude AF, collected from a natural outbreak of Aspergillus flavis in corn, at 0, 100, 200, 400, or 800 ppb to either 14-d old turkey poults or broiler chickens for 35 d. For turkey poults, AF at or greater than 400 ppb was toxic where high morbidity and mortality were observed as well as decreased weight gain and increased feed conversion. A reduction in cell mediated immunity was observed in the poults fed 200 ppb AF. Broiler chickens were less affected by dietary AF where no morbidity or mortality was noted in those fed the 800 ppb AF. Feed conversion was increased in broiler chicks fed the 800 ppb AF and a decrease in cell mediated immunity was observed in those fed 200 ppb or greater dietary AF. Quist et al. (2000) fed 0, 100, 200, or 400 ppb dietary AF to 4 month old wild turkeys for 2 wk and reported decreased feed consumption, decreased weight gains, decreased relative liver weight, alterations in liver enzymes, and mild liver histological changes taken to indicate liver damage. Liver damage due to AF in turkeys and broilers has been commonly reported (Gumbmann et al., 1970; Muller et al., 1970; Pier and Heddleston, 1970; Weibking et al., 1993a,b; Weibking et al., 1994; 1985a,b) . Quist et al. (2000) also reported a compromise in cell mediated immunity due to decreased lymphoblast transformation. Relative spleen weights were decreased which is the opposite of that observed in the present study. Changes in relative spleen weights due to AF have been variable (Hamilton et al., 1972; Weibking et al., 1993b; Weibking et al., 1994) . Quist et al. (2000) did observe an increase in the relative pancreas weight which is in agreement with the present study as well as others (Hamilton et al., 1972; Kubena et al., 1990) . Quist et al (2000) also observed decreases in serum total protein and albumin and increases in serum AST in birds fed 200 or 400 ppb dietary AF. Relative heart, kidney, and bursa weights were unaffected.
While broiler chickens are more resistant to dietary AF, the progression of aflatoxicosis is similar in effect (Arafa et al., 1981) . Huff et al. (1986a) described the progression of aflatoxicosis in broiler chickens fed 0, 1.25, 2.5, or 5.0 ppm dietary AF from hatch to 3 wk of age. Body weights were reduced first by 5.0 and then by 2.5 ppm dietary AF. Increases in the relative weights of proventriculus, gizzard, spleen, and kidney were observed. Relative liver weight was initially reduced by dietary AF. However, as liver lipids increased, relative liver weight also increased. Serum protein, albumin and triglycerides were also reduced by dietary AF.
Others have reported that AF is inflammatory to broiler gastrointestinal organs including the gizzard (Huff and Doer, 1981) . Smith and Hamilton (1970) reported increases in relative spleen and kidney weight in broilers due to dietary AF. Essiz et al. (2006) reported that MDA was increased in quail fed 2.5 ppm AF. As reviewed by Essiz et al. (2006) , MDA is reported to be a sensitive indicator of free membrane lipid peroxidation. No effect of MDA was observed in the present study. Huff et al. (1986a) described the reduction in serum albumin and protein as the most sensitive indicators of aflatoxicosis based on time of onset.
Deoxynivalenol is a type of tricothecene in the Fusarium group of mycotoxins. It is also reportedly less toxic than other members of that group such as T-2 toxin. However, DON has been implicated and is important under chronic exposure conditions (Gutleb et al., 2002) . Awad et al. (2008 Awad et al. ( , 2012 reviewed the effects of DON on poultry. Many researchers, including those reporting on turkeys, have reported that poultry are relatively resistant to dietary DON. Morris et al. (1999) fed 0 or 20 ppm semi-purified dietary DON to turkey poults to 21 d. No affect of dietary DON on any parameter was observed which included BW, feed intake, feed conversion, heart and kidney weight, serum globulin, serum calcium, serum uric acid, or hematology. Dietary levels up to 75 ppm had no effect when fed to turkey poults up to 3 wk (McMillan and Moran, 1985) . Manley et al. (1988) from hatch to 20 wk without observing any detrimental effects. Some parameters, such as grade carcasses and breast meat yield, were slightly improved by feeding DON. Xu et al. (2011) reported a quadratic effect of DON up to 10 ppm on reduction in BW of turkey poults fed to 21 days. However, the effect was observed mostly at the highest level of DON (10 ppm). Levels up to 7 ppm appeared to have little to no effect. Similarly, Devreese et al. (2014) reported that DON at 4 to 6 ppm had little effect on performance parameters of turkeys to 12 weeks of age. At some, but variable, levels, DON has reported to have negative effects on growth and physiology of poultry including negative effects on the immune system and injury to the gastrointestinal system. Harvey et al. (1991) observed depressed mitogen induced lymphocyte proliferation and the antibody response to NDV in 3 wk old broiler chickens. Huff et al. (1986b) fed AF (0 or 2.5 ppm) and/or DON (0 or 16 ppm) to broiler chickens to 3 wk of age. The effects of the dietary AF were typical of other reports. The effect of DON included reduced growth rate, increased feed conversion, increased relative gizzard weight, anemia, decreased lactic dehydrogenase activity, and decreased serum triglycerides. The combined effects on performance and physiology were more severe than the individual effects of the mycotoxins fed alone although the authors concluded that this effect was additive in nature and not synergistic. While Huff et al. (1986b) reported additive effects of AF and DON, Morris et al. (1999) did not observe any synergistic effect on turkey poults when DON (20 ppm) was fed with miniliformin (100 ppm) to 21 d. Chowdhury et al. (2005) fed naturally contaminated grains with resulting dietary DON at 6.8 to 13.6 ppm, 15-acetyl DON at 0.6 to 1.3 ppm, and ZEA at 0.4 to 0.7 ppm. The effects on the immune system were minor and transitory including a lack of primary or secondary antibody response to SRBC in a similar follow up study. However, the authors concluded that cell mediated immunity may be more sensitive to mycotoxins than the antibody-mediated immune response. Girish et al. (2008) fed diets with DON (2.2 to 3.3 ppm), 15-acetyl-DON (0 to 0.2 ppm), Fusaric acid (10.2 to 18.8 ppm), and ZEA (0 to 0.2 ppm) from naturally contaminated grain to turkeys from hatch to 12 wk of age. The control feeds also contained DON (0.5 to 1.2 ppm), ZEA (0 to 0.2 ppm), and Fusaric acid (5.4 to 13.1 ppm). The higher contaminated feeds resulted in decreased BW and some decreased immune responses including secondary antibody response (IgG titer) to SRBC antigens. Grimes et al. (2010) fed two sources of corn, one with AF and one with DON, alone or combined, to turkey poults to 21 d. When fed alone, the AF diet contained 97 ppb AF, the DON diet contained 1.7 ppm DON and the combined diet contained an even mixture (half of each) while the control diet was clean of AF and DON. Compared to the control fed birds, birds fed DON or the combined diet gained less to 21 d. The DON fed birds had the lowest feed consumption while those fed the combined diet had the highest FC. Relative spleen weight was reduced by feeding DON but not the other diets. Birds fed AF or the combine diet had reduced relative liver weight and liver lesions typical of birds fed AF. Therefore, it appears that the response to DON whether fed alone or in combination with other mycotoxins is highly variable. Naturally occurring mycotoxins, including DON, may be more toxic than purified or cultured forms (Harvey et al., 1991; Awad et al., 2012) . Species, age of birds, environment, as well as a host of other factors can affect how poultry respond to dietary mycotoxins.
Zearalenone is a mycotoxin produced by primarily Fusarium graminearum (CAST, 2003) . It can have estrogenic and anabolic effects when fed to livestock (Mirocha et al., 1971; Mirocha and Christensen, 1974) . Zearaleneone usually has been viewed as having greater effects in mammals, such as swine (CAST, 2003) , with much less effect on growing broilers (Chi et al., 1980) . Allen et al. (1981) fed 0, 10, 25, 50, 100, 200, 400, or 800 ppm purified, dietary ZEA to turkeys from 3.5 to 6.5 wk. There was no effect of ZEA on BW, feed consumption various organ weights (including liver), or various serum parameters including total protein. Neither turkey testes nor ovary weights were affected. In addition there were no tissue histopathological changes observed. However, male turkeys fed 400 or 800 ppm ZEA exhibited "considerable" strutting behavior. The authors concluded that ZEA has minimal effects on young growing turkeys. Olsen et al. (1986) fed 800 ppm purified, dietary ZEA to 6 male turkey poults from 3 to 5 wk of age. There was no effect on BW or feed consumption. The authors described increased strutting behavior, increased size, and coloration of caruncles and swollen vents for birds fed the 800 pm ZEA. However, there was no difference in blood plasma testosterone for ZEA fed birds compared to controls. Based on these reports, the level of dietary ZEA fed in the current study likely had little effect.
Many feed additives, with potential adsorbent characteristics, have been cleared as generally safe (GRAS) to be used as flow agents, pellet binders, etc. (Whitlow, 2006) . Huwig et al. (2001) in a review of potential mycotoxin binders concluded: many binders have affinity for at least one mycotoxin in vitro; some of these are suitable for alleviating mycotoxins in vivo; to date, no adsorbent has been found to bind multiple mycotoxins; and, combinations of different types of binders may "provide versatile tools" for preventing mycotoxicosis. Avantaggiato et al. (2005) also reported that few binders that work in vitro also work in vivo. From in vitro tests they also reported that no binder, except for activated charcoal, showed "relevant ability" in sequestering DON or nivalenol. However, the efficacy of activated charcoal for binding multiple mycotoxins in vitro was not confirmed in vivo.
In the current study, birds fed mycotoxin had reduced feed consumption and BW compared to birds fed the control feed. All of the feed additives resulted in improved FC for both groups of birds. However, there was little effect on organ weights or blood chemistry. While the levels and types of mycotoxins are confounded in this study, based on most of the information in the literature, one could speculate that the observed effects were mainly, if not exclusively, due to the dietary aflatoxin. However, based on the work of Grimes et al. (2010) and others, one should not disregard a possible combined effect of AF and DON. In addition, it appears that the feed additives used in this study were advantageous for the mycotoxin fed birds either by improving the nutrients or improving "access" to the nutrients in the feed that they did consume. Therefore it may be concluded that, in this study, these feed additives either did bind some amount of some mycotoxin or provided some direct element of benefit to the birds. Additional research is warranted to test the efficacy of these or similar feed additives in similar feeds fed to turkeys until market age. An improved test of such additives would also include "cleaner" control feeds and treatment feeds with similar levels of aflatoxin but increased levels of deoxynivalenol. Unless extremely high naturally occurring levels of ZEA in grains can be located, including ZEA, except as a co-contaminant, may not be warranted for turkey trials.
